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This invention relates to an image-intensifying 
tube for intensifying an X-ray image. 

Image-intensifying tubes generally comprise a 
screen on which an X-ray image impinges, which 
screen converts the X-ray image into an electron 
image which is then projected electron-optically 
onto a luminescent or viewing screen. The ?rst 
screen usually consists of two layers, one of 
which is a luminescent layer which converts the 
X-radiation into radiations in the blue or near 
blue region of the visible spectrum (4500 A.) , and 
the other of which is a photo-electric cathode 
which will emit electrons upon excitation by blue 
light. For maximum ef?ciency, the thickness of 
the photo-electric cathode is made equal to about 
70 to 80% of the depth of penetration of blue 
light therein. Consequently, about 20% of the 
blue light is transmitted by the cathode into the 
interior of the tube. This stray light is quite 
troublesome when operating the tube since it is 
re?ected back to the photo-cathode and causes 
the emission of electrons which are not associated 
with the X-ray image. 

It is an object of the invention to provide an 
image-intensifying tube in which the stray light 
transmitted by the cathode is reduced. 

It is a further object of the invention to pro 
vide an image-intensifying tube with a low~ 
re?ecting surface adjacent the cathode. 

It is still a further object of the invention to 
provide an image-intensifying tube with a low 
re?ecting metal surface by evaporation in a vac 
uum. 

These and other objects of the invention will be 
best understood from the following description. 
According to the invention, an image-intensi 

fying tube comprises an envelope enclosing a 
double-layer screen for converting an X-ray 
image into an electron image and electron—optical 
means for projecting the electron image onto a 
luminescent viewing screen. The double-layer 
screen comprises an X-ray responsive lumines 
cent layer arranged to radiate rays primarily in 
the blue region of the visible spectrum having 
a maximum wavelength of about 4500 A. and a 
photo-electric cathode responsive to such blue 
rays. The tube is further provided with a layer 
of a metal on the envelope having the property 
of being substantially non-re?ective to radiation 
in the blue region, 1. e. having a high absorption 
coe?icient for radiation in the blue region. 
The invention is based on the discovery that 

certain metals re?ect relatively small quantities 
of radiation in a given wavelength. In particu— 
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2 
lar, it has been found that, for example, one of 
the metals, silver, gold or copper, re?ect very little 
radiation in the blue region, so that if one of 
these metals is coated on the portion of the 
tube envelope between the photo-cathode and the 
viewing screen, about 90% of the light trans— 
mitted by the photo-cathode is not re?ected back 
thereto, provided that this light lies in the blue 
region of the visible spectrum. Furthermore, the 
use of one of these three metals is particularly 
advantageous because they may be easily applied 
to the envelope as a thin layer by evaporation in 
a vacuum. Another advantage of these three 
metals is that they have little or no ailinity for 
cesium, which substance is usually included in the 
photo-cathode. 
According to a further aspect of the invention, 

the surface of the envelope upon which the non 
re?ecting layer is to be provided, is ?rst given 
a very smooth satiny surface before the metal is 
precipitated on the wall. The resultant dull sur 
face provided on the Wall helps to prevent for 
mation of a re?ecting layer when the metal is 
placed on the wall. Furthermore, the smooth 
surface provided by the satiny ?nish completely 
diffuses the small quantity of light impinging 
thereupon, so that the light reflected back to the 
cathode is distributed uniformly throughout the 
surface. 
The metal coating, which is preferably of cop~ 

per, may be applied to the tube envelope by the 
conventional method of cathode-evaporation in 
a vacuum in which a glow helix carrying a quan 
tity of the metal to be precipitated is introduced 
into the tube. The helix is heated and the metal 
evaporates off and precipitates on the surround~ 
ing surfaces. The photo-cathode and viewing 
screen are usually screened during the evapora 
tion of the metal to prevent metal from deposit— 
ing thereon, and, afterwards, the screening is 
removed from the tube. 
The invention will now be described with ref 

erence to the accompanying drawing in which 
the sole ?gure shows an image-intensifying tube 
according to the invention. 
The glass wall I of the evacuated tube has a 

narrowed part 2 comprising a reentrant portion 
13. This portion is closed by a viewing screen 
constituted by a transverse wall =4 which is coated 
on its inner side with a ?lm 5 of a substance 
which ?uoresces on being struck by electrons. 
The arcuate front part 6 of the tube wall, which 

serves as a transparent window through which 
the X-rays pass, contains on its hollow side the 
photo-electric layer. Provision is made of a layer 



2,681,420 
.i 

‘l of a substance which under the in?uence of 
X-rays ?uoresces in the blue or near-blue region 
of the visible spectrum. The light of this pri 
mary luminescent screen causes the photo-elec 
tric layer s, which is arranged to coat the layer 
‘i with a current supplying substratum, to emit 
electrons. For the sake of clarity it was neces 
sary to exaggerate on the drawing the thickness 
of the layer shown. 
A metal cylinder 9 is arranged to grip the re 

entrant portion 3. Its part adjacent the cathode 
is narrowed and ends in a thimble-shaped top 
Iii which constitutes the anode of the tube. This 
top has formed in it a circular bore H for the 
passage of electrons from the photo-cathode to 
the luminescent screen 5. 
The narrowed part ‘2 of the tube wall is pro 

vided on the inner side with an annular coating 
i2 of siiver or other conductive material and 
a Wire l3 sealed in the wall of the part 2 makes 
contact therewith. The cylinder 9 is provided 
externally with contact springs it which engage 
the coating £2. 
The inner surface of the wall i is coated with 

a conductive layer id of metal which reflects 
relatively small quantities of radiation trans 
mitted by the photo-cathode into the interior 
of the tube. The layer i5 extends from slightly 
beyond the marginal surface it of the cathode 
towards the anode side of the tube as far as a1» 
rnost the narrowed part 2. ' 
Luminescent substances suitable for use as the 

?rst layer of the double-layered screen, i. e. the 
layer that converts the X-rays into light pri 
marily in the blue region of the visible spectrum, 
are zinc sulphide activated by silver, zincwcad 
mium sulphide and barium-lead sulphide. The 
other layer of the double-layered screen, i. e. 
the photo~cathode, preferably consists of cesiuni~ 
antimony. . 

While we have thus described our invention 
with speci?ed examples and embodiments there 
of, other modification will be readily apparent 
to those skilled in the art without departing from 
the spirit and scope of the invention as de 
lined in the appended claims. 
What we claim is: 
1. An X-ray image-intensifying tube ‘compris 

ing an envelope having a satiny finish on an 
inner wall portion, a radiationetransparent win 
dow in s ". envelope, a double-layer radiation 
responsiie screen disposed adjacent said window 
in. said envelope for producing an electron image 
correspcn .ng to an X-ray image impinging 
thereupon, said radiation~responsive screen com 
prising an X—ray responsive luminescent layer 
which emits rays having a maximum wavelength 
of about 4500 A. and a photo-cathode responsive 
to said rays having a thickness about '70 to 80% 
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4 
the depth of penetration of said rays in said 
photo-cathode, a viewing screen disposed within 
the envelope for converting the electron image 
into a visible image, electron-optical means for 
projecting the electron image onto the viewing 
screen, and a thin layer of copper on said satiny 
portion of said envelope for absorbing the radia 
tion transmitted through said cathode into said 
tube. 

2. An X-ray image-intensifying tube compris 
ing an envelope, a radiation-transparent win 
dow in said envelope, a double-layer radiation 
responsive screen disposed adjacent said window 
in said envelope for producing an electron image 
corresponding to an X~ray image impinging 
thereupon, said radiation-responsive screen com 
prising an X-ray responsive luminescent layer 
which emits rays having a maximum wavelength 
of about 4500 A. and a photo-cathode responsive 
to said rays having a thickness about ‘70 to 80% 
of the depth of penetration of said rays in said 
photo-cathode, a viewing screen disposed within 
the envelope for converting the electron image 
into a visible image, electron-optical means for 
projecting the electron image onto the viewing 
screen, and a thin layer of copper on a substan 
tial portion of the inner surface or" said envelope 
for absorbing the radiation transmitted through 
said cathode into said tube. 

3. An X-ray image~intensiiying tube coinpri. - 
ing an envelope, a radiation-transparent win» 
dow in said envelope, a double-layer radiation 
responsive screen disposed adjacent said window 
in said envelope for producing an electron image 
corresponding to an X-ray image impinging 
thereupon, said radiation~responsive screen com 
prising an X-ray responsive luminescent layer 
which emits rays having a maximum wavelength 
of about 4500 A. and a photo-cathode responsive 
to said rays having a thickness which is less 
than the depth of penetration of said rays in 
said photo-cathode, a viewing screen disposed 
within the envelope for converting the electron 
image into a visible image, electron-optical means 
for projecting the electron image onto the view 
ing screen, and a thin layer of copper on a por 
tion of the inner surface of said envelope for 
absorbing the radiation transmitted through said 
cathode into said tube. ' 
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